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Optimizing Nitrogen Fertilizer Application in Corn Using Green Technology 
Daniel W. Barker* and John E. Sawyer, Department of Agronomy, Iowa State University 
Introduction 
The utilization of active canopy sensors in corn (Zea Mays 
L.) for in-season N fertilizer management has the potential 
to maintain optimal production and conserve fertilizer N 
resources. Canopy sensors can be considered a green 
technology in production agriculture by attempting 
equitable land stewardship and providing an economically 
viable N management practice. Robust and accurate 
algorithms to determine an appropriate N application rate 
based on canopy sensing is needed in order to effectively 
utilize sensors in Iowa production fields. The objective of 
this study was to develop N rate algorithms using active 
canopy sensors which can prescribe in-season N 
application to corn.  
Materials and Methods 
Fertilizer N rate trials (0-269 kg N ha-1) were conducted 
from 2006-2008 at seven Iowa State University Research 
farms, with 35 sites in a corn-soybean [Glycine max (L.) 
Merrill] rotation (CS) and 27 sites in corn-corn (CC). Each 
plot was evaluated for N stress (V10-V12 corn stages) 
using the Holland Scientific Crop Circle ACS-210 and 
NTech Green Seeker (green) model 506 active canopy 
sensors. Relative sensor values were calculated using the 
N rate measured divided by the highest N rate for each 
site. The economic optimum N rate (EONR) was 
calculated for each site from a regression model of yield 
response to N (5.6:1 N fertilizer-to-corn price ratio). The 
applied N rate difference to EONR (dEONR) was 
calculated by subtracting the EONR from the applied N 
rate. The relationship between dEONR and relative 
sensor value for all SC and CC sites were fit with a 
quadratic-plateau regression model using PROC NLIN. 
Results 
Sensors were evaluated across diverse climatic 
conditions during three growing season in Iowa (Table 
1). Over all 62 sites, a wide range of corn planting, N 
fertilizer application, soil, and growing conditions 
existed. Table 2 shows some canopy relative index 
models had greater goodness of fit statistic (AdjR2) 
values than others, thus resulting in a better 
representation of the relationship between the index 
value and dEONR. These were the relative rSRI (0.66), 
rGDVI (0.65), and rMSRI (0.64) for the GreenSeeker 
506, and rGNDVI (0.75), rSRI (0.75), rMSRI (0.74), and 
rGDVI (0.74) for the Crop Circle ACS-210. Figure 3 and 
4 are the QP regression model for the canopy indices 
with the highest AdjR2 values, showing the relationship 
between dEONR and canopy indices from the 
GreenSeeker Green Model 506 (rSRI) and Crop Circle 
ACS-210 (rGNDVI).    
Conclusions 
Active canopy sensors can measure N stress during the 
mid-vegetative growth stages in corn. Several indices 
can be used for both active canopy sensor to estimate in-
season N rate need. Choice of sensor index could 
depend on the desire for information related to canopy 
biomass (rGNDVI) or plant N stress (rGDVI, rSRI, or 
rMSRI). Application of fertilizer N is directed when the 
index value is less than the value at zero dEONR (Table 
2). The canopy index QP model equations can provide N 
rate algorithms capable of directing in-season N rate 
application at the V10-12 growth stages.  
 
 
 
 
 
Table 1. Timing for corn planting, N fertilizer application, and N stress sensing at 62 sites across 
Iowa, 2006–2008. 
Date Corn 
stage 
at  
sensing† 
Planting to sensing‡ 
N application to  
sensing§ 
Corn 
planting 
N 
applied Sensed days 
Cum. 
GGD days 
Cum. 
rainfall 
cm 
All Years 
Min 18 Apr. 11 Apr. 21 June V9 49 483 31 4.1 
Max 18 May 10 June 17 July V14 77 652 87 50.8 
Mean 2 May 2 May 4 July V12 64 571 64 22.4 
† Average corn growth stage across N rates at sensing . 
‡ Days from planting to date of sensing. Cumulative (Cum.) GGD is total growing degree days 
(sum of average daily air temperature minus 10°C, with a lower limit of 10°C and upper limit 
of 30°C) from planting to date of sensing. 
§ Days from N application to date of sensing. Cumulative (Cum.) rainfall is the amount of 
rainfall from N application to date of sensing. 
 
 
 
 
 
 
Table 2.  Quadratic-plateau regression models (QP) and parameters for several sensor indices 
with active canopy sensors evaluated from 2006-2008. Regression models presented for 
the indices with the highest goodness of fit statistic (AdjR2). 
Index† 
 
Regression model‡ n 
Join 
point§ 
Index value 
AdjR2# P Plateau 
Zero 
dEONR¶ 
kg N ha–1 
NTech GreenSeeker Green 506 
rSRI y = 0.99 + 0.000462x – 
0.0000043x2 
368 53.6 1.01 0.99 0.66 <0.0001 
rMSRI y = 1.00 + 0.000353x – 
0.0000045x2 
368 38.9 1.00 1.00 0.64 <0.0001 
rGDVI y = 0.99 + 0.000572x – 
0.0000054x2 
368 52.9 1.01 0.99 0.65 <0.0001 
Holland Scientific Crop Circle ACS-210 
rGNDVI y = 1.00 + 0.000070x – 
0.0000025x2 
388 13.9 1.00 1.00 0.75 <0.0001 
rSRI y = 1.00 + 0.000372x – 
0.0000041x2 
388 45.4 1.01 1.00 0.75 <0.0001 
rMSRI y = 1.00 + 0.000263x – 
0.0000039x2 
388 33.7 1.00 1.00 0.74 <0.0001 
rGDVI y = 0.99 + 0.000448x – 
0.0000049x2 
388 45.4 1.01 1.00 0.74 <0.0001 
† rSRI, relative simple ratio index (NIR/VIS); rMSRI, relative modified simple ratio index 
(NIR/VIS-1)/(NIR/VIS+1)1/2; rGDVI, relative green difference vegetative index (NIR/VIS)-1; 
rGNDVI, relative green normalized difference vegetative index (NIR-VIS)/(NIR+VIS).  
‡ For regression model, y is the sensor index value; x is the N rate differential from the EONR 
(dEONR), kg N ha–1. 
§ Nitrogen rate where the quadratic equation joins the sensor relative index value plateau. 
¶ Sensor relative index value at the zero dEONR. 
# Adjusted R2. 
